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ABSTRACT 

' ■• , • ' -g ' . ^ , 

The generalized Wisconsin System )Eor Instructional Management 
(WIS-SIM) is. being developed to serve the management needs of IGE. 
This paper* identifies key dimensions which<, help7define individualized" 
education and relates these ta ' essential componerfts of a system of * 
computer managed instruction. ;The processes of computeir managed 
instruction (CMI) are integrated into a generalized tiiodel which | 
accouiits for the major structural and process delineations of pro- 
gr^^ of individualized education of which IGE is an example. 

CMI,.as a management information system provides instructional 
managers • with information required for decision, making iri individ- 
ualized educational programs. In particular, decisions inTl'olved in 
identi^ying* the instructional needs o^ students*? and in selecting/ 
the most appropriate instructional activities to cater to these f 
needs are emphasized. * The major processes specifiei-in the model 
are testing (placement and posttest) , test scoring^ 
.profiling, diagnosing, and prescribing. Of these pjcocesseS the 
last three are considered to be the mos€ important ji 

€MI systems seem to ][iave greatest potential in 
of . instructional resources in the prescriptive process and t|ie 
diagnosis of student instructional needs. These arieas have 6nly . 
barely been touched ^.n system development to this date. ^The preview ' 
of oth^r CMl systems provided irifcicates that maby ^iere concep^tualizdd 
almost* concur rent ly> and that they share much in common while, differing 
in the emphasis on and reporting formats for each o|f the f ive Iprocesses 

In the WIS-SIM mpdel it is possible to view these processes as 
a means of providing to educatidhal decision makersj, informatibn on', 
the instructional program being implemented. Achievement prof^.les^ 
may be produced which reflect the current status o^ periformaj^e rela- 
tive to unit, building or district goals which havd )oeen formulated 
for an instructional activity or a set of instructijpnal activities. 
If these goals are not achieved, the instructional [activities dtid the 
prograi]i itself then become the . focus of the examination. ^1 
* WIS-*SIM, unlike other CMI systems, incorporatejs ^ ''fptal system" 
approach which is designed to have direct utility the classroom,! 
building, and district leyeis. Its utilization canj directly assist in' 
the effective impiementati;bh of an individualized fjrogtam of learning 
for each student through Ifes^stin^ in the identif icjation of the 
instructional needs and l^|^lection of appropriate instlructionar exper- 
iences ind settings f or &ach student: WIS-SIM alsol has a positive 
impact through the continual monitoring, and refining of the school's 
instructional program. Thus, ^in a re^l sens^ WISHSIM is 'a model for 
making decisions about the inst±uctlonai program as well as a mod^l 
of individualized instruction. With the use of a cJmi system, some 
of the typical problems of individualized programs can be overcome, 
making it possible for these programs to become fully operaiiional . o 



INTRODUCTION 



Education Sias been liatrd-pressed to keep pace with the cultv^al, vsocial-, 
and teciinological ctianges vhich have occurred diiring tliis century. In 
response to treqiient criticisms that existing .ediication^l sysjbe^ns^ were ' 
ill-cpnqeived{and ill-equipped to meet the realities of a changing worlds 
educators have att€;ropted to ianplement and evaluate a multitude of educar 
tional plans aj.1 aimed, 'presumably, a|:\ iraprovingf the- ingtructional or 
learning processes. A pervading thfeme^ among these many attiainptsi at innova- - 
tion has been that of individualized instruction. Proponefits of individual- 
ized instruction consider that^a i;eaching-learning^ situation/ which focuses 
upon the needs and abiliti<^s of tl^^ individual, rather than ;on Idle' group, 
,is a better ;way to conduc1; :the educational process. Earlier atteippts at ; • 
individualized! ;;educa tion met with m because t±ie re- 

sources of educational systems w:erfe f rec[uently inadequate to |aeet the 
program objectives or becjause the 4^ttempts *were tog specialized or too 
localized to be of any sigmif icant [value except tp a few. 

However, edubator^ are cpntinui^ixg with attempts to implement strategies 
of individualized educatibn hoping itb provide a more effective alternative 
to traditional instructional praotifees. ^Recent programs designed to ^ij^divid- 
ualize education, such as Individua)|ly Guided Education (Klausmeier, 1971) , 
Project PLAN (Flanagan, 1971^) , an<^ X)adividually Prescribed Instruction ' 
(Cooley & Glaser, 1968)., havei met^'with promising success. Essential to 
the functioning of such program^' o education is the teacher's 

ability to cope effectively with lihe Voliime of infc^n^ required to manage 
these programs^ Due ',to the fact: that? diff earing ins^uctional approaches may 
be used at different/times with a lar^e number of students, monitoring the 
progress of ftud^nts arid deciding upori optimal instructional objective^ <i 
and tasks becomes difficult • This condition is compounded as more areas 
of the educational program are individualized^ The complexity of instruc- 
tional ''management in individualized programs has led to an increased aware- 
ness that computer-based, management^iriformtipn systems may be of consider- 
able value in assisting Jin the implementation and operation of individualized 
instructional programs. }.. ' " 

This paper is desi^fnetf^ identify key parameters which help define 
various approaches to incl4ividualizing education and to relate these paraitjt- 
eters to essential components in cbmputer managed instruction. Building 
ui>on the identified relations^ a generalized model, of computer managed 
instruction is formulated^ and described. Accordingly, the: topics of 
'individualized education ^nd computer manajged instruction are reviewed 
in the next three secti<ins. 

, \ ' . • " ■ ' , . ■;. . \.' ' ■ * 



STRUCTURAL COMPONENTS OF PROGRAMS. OF INDIVIDUALIZED EDUCATION 

■ , DctVault and Kriew^ll -(1967) consider 'that true individualization]' 
involves recognition of the "potential for variability at every major . 
input point of the instructional system Ip. 4131. " The" development of 
a model for this concept of indiyidualiza'tion was briginally d^arrieid' 
out by Romberg and DeVault (19.67) and represents a , systems approach. 
The model has four input comppn^hts — learner/ teacher, content, and' =^ ■ 
instructional methods— -each of which includes three or fpur veuriable 
^pha3facteristic§ or parameters. Iiearner' parameters inqlude the intellec- 
tual, emotional, social, and physical traits^iof the individual child; , 
teacher parameters are the roles, knbwledge and[ skills, and personality 
factors;' content of the instpac€iorial material, varies for eac)i .learner 
in teria^ of^rate, scope, and sequence; and finally, instructional methods 
vary accb^dihg to communication styles , degree of .automation, and* instruct^ 
tional matferiaJjS. Although the model is presented as /one fpr differentiate 
ing 'instruci:ipn in a mathematics curricuium> Romberg and t)eVmilt's^dis- \ 
cussion is direcljed toward the more global aspects^ of indivi^ali^ed 
instruction whicii they believe to be the most viable instructlpnal ► 
approach for most curricular areaiS. , • 

-The pjrimary focua of any system of individualized education is the 
growth of the individii^ learner. To achieve this aim, individualized ^ . 
systems, lonl ike .those which utilize itvore traditional classroom and group 
modes of instruction, stress^ the importance of self-initiative and self- 
direction. The individual leaner, rather than being the passive object 
of instruction, becomes an activ^ part of the teaching-learning situation. 
Tekchers, while remaining in charge^ of instruction, provide opportunities 
for individuals to set their own objectives, assess students •^abilities, - 
and prescribe courses, of action which 'will lead to goal attainment. . , 
Further, in planning instructional ^activities, teachers take the individ- "// 
ual differences of p^:^pils into account ana\gear their efforts toward having 
each child progress through the objectives at his or her own pace. An ifiH 
tended outcome of such adaptive, individualized systems is to provide 
meaningful learning eijjperiences for each pupil while serving individual - 
needs and interests. Systems of individualized education are thus geared i 
to individual abilities, interests, and needs. They are not group instruc- 
tional programs which ^jfe inflexibly applied to all pupils. .in a class. ' 

Because the^/i^ecogriize that individuals learn content at different 
rates and hav^-^ifferent levels of motivation, systems of individualized 
education provide for sSlf-'development and maximized educational benefit 
for each student. Personal decision-making and problem-solving skills of 
the pupil are enhanced and favorable, attitudes toward learning are developed 
(Wright, 1970) • By remaining cognizant of different learning , styles'", inr, 
structionai levels, rates > of progress, and beginning levels of performance, 

3 . ' : - ; ^ ■ * . 
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individualized systems account for 'real , as well as ideal, levels^ of, 
attainment (Klausmeier, 1974>. * \ 

' The instructional process focuses upon the individual, and si^bsequent 
assessment determines the degree > to which prespecif ied objectives haye ^ 
been attained.' This^ process, which includes both te^ehex and 'pupil in- - 
volvement at each' stage, points ,to^ the key components of an in4ividuali?ed, 
education system. cJThes^. components are now discussed in more detail. 

The existence of a well-defined set of instructional objectives is I .. 
prerequisite to any individualized education program,. Figure 1 presents 
a hierarchic'ai development of instructional objectives. ^ This hierarchy : 
is a six level 'Organization from general instructional missions of ., the 
district or school to specific instructional objectives. 

■The Instructional Missions cell refers^ to those district or. school 
instr;^ctional policies which give j general direction -t^o instructional 
activities. These mission statements, include activities such as the 
deveiopment •i>f cojtmiunication skills" or skills in mathematical processes. 
TheJ are statept^ts o>E pc^icy, .usually very. Iot reflecting societal 

desires, a'spi^tions, and'the organfzation's reason f<fx being. 

* Arisin^p^it of these global concerns are Instructional Programs. ■; '. 
•These ^.^ograms (^ore broad and represent ftinctiojns pointing toward the ' ^ 
atteiraient of the instructional missions. '^qoal statements within instruc- 
fciOTtal programs are ion^ range, but they focus, on terminal points or aqtiv- 
ities to be accomplished.' Two R & D Center products wlvich fall into the 
insttuctional programs cell are Developing Mathematical Processed (DMPy* • 
and /the -Wisconsin Design for Reading Skill Development (WDRSD) . Each of . 
these is an instructional program with^broad goals focused on terminal 
points :wfiich, when combined with other programs, should lead" to _ the accom- ^ 
plishinent of an instructional mission- . . ' • 

InstructionaJ. programs are made up- of -^subdivisionp, here 'called Instruc- 
tional Areas . Within this c^ategory are included signififeant and_measur- » , 
able outcomes to be achieved as major components of the instructional , 
program, these broad objectives give specific direction to the attainment 
of program goals. They may .also suggest challenges to and problems m the 
instructional program. /OThe areas of Word Attack, Study Skills, and Com- - 
prehension are exampld^ of instructional areag" within the. WDRSD. instruc"- 
tional program. Instryctional areas are .not defined in DMP,, so in that , 
program the classificsftion is non-f\inctional. = • ' , , 

Each instructional area is made up of Instructional Units ,. whichp 
can be" of two types Oafceled contenty^ro cess organizatibh- and ley^lT^rade , 
org anization . Instructional units are smaller progirams of shorter duration ■ 
and narrower scbpe than the instructional programs. Content/process organiza- 
tion refers tp--the-^quencj^_of_content_^^ paths through the 
instructional material . ^Wi^lSTDKir^rTiHinple pt -suchrB-eonten^^^process^^^ 
organization is the s^encing for concepts in geometry. While not well 
deCine*, sequences or strands also exist in WDRSD; the sequence of matea^als 
on "consonants" is an example. • . . . 

The levql/grade organization component is con^Josed .of instructional , 
units which are based upon administrative considerations such as pupil 
grouping. Such units often cover grade level or curricular work of 
" approximately a school year's duration. vJithin DMP, this administrative « 
organization would include "Grade „Level Kits" which cover the work expected 
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at a given grade level* VWDRSD has administrative organizat:ions dalled 
"levels" which also aggregate work units into approximately o|nie school 
, yearns work. *h6ugh thesp^ grade/level units are' not followed closely 
in classroom instructional^planning, "they are iirqportant to the information 
management of an instructior^al program. ^ 

As ±g apparent in both WtoRSD anti BMP, both content/process and gra^e/ "^" 
-level types of instructional \|nit^ exist. Wlien both aye present they form 
a two-dimensional .arrajfc* as displciyed in Figure 2. Individual cells ar^ 
defined by the' iirtefslMion of content/process categories and grade/le^vel 
cate'^gories and within each ceil are instructional topics and objectives. 
It is not necessary that each df these cells be used in the instr^ictio^al 
area; that is, some' cells may bd empty. / ^ . 



Grade/Level Organization 
level 1 Level 2 Level 3 Level 4 
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Stranil 2 

■ ■■■ . f ■ 
. ■ ' • A' 
Strand 3 



Content/ ^ 

Process 

Organization 



Fig«?7e "|j Instructipr^l unit in^eifms ; of instructional topics . - ^ 

Within each inst;rudtional unit are Instructional Topics . These are 
relatively short-term aggregatigns of instructional Objectives. with a 
well-defined set of specific prbduct:s, processes, of achievements. These 
topics may be organized around content/ process, activity, or media. The 
DMP curriculum uses the term "topics^ to describe such a collection of 
objectives. The DldP topics reflect a content/process organization within 
which instructional objectives .with a comrton go^l are collected. However, 
there are also some topics whi^h contain instructional objectives which 
are preparatory to later topics. These reflect the grade/level organiza- 
t^ion which can co-exist with content/process organization at the instruc- 
tional toj>ic level. WDRSD organizes sq^e instructional objectives into 



i^nsixuctional topics cgilled skill clusters. These skill clusters hav^ • 
qnly a grade/level organization; they <3o not necessarily reflect content 
6r process oontainedi within the instructional obje^Hves. 

Instructional Qbjectives are "the most specific outcoraiB- oriented state- 
ments; £or goal attainment. They, are criterion-referenced « measufea3le, and 
focused on a single product, process, or achievement. Instructional objec- 
tiyessfor each pupil state what<ds to be acconplished, at what level of 
ibkpertxse, and sometimes by when it will, ^be done. ^ These are the most 
/specific, twge ted objectives in the hieraurchy ot instructional missions- f 
and sjrograms. In the DMP program these instructional objectives, ate 
calleV/objectivei^, while in Wdfsp they are called skills. In both cases,, 
however, they are. specif ic behavioral objectives appropriate to the in- 
stanictibnal topics and j^ograms. ^ 

Klausmetier (1974)' has identified a three-dimensional model, useful in . 
classifying pro^pireuns' of individualized education. The three dimensions 
included in this model, as illustrated in Figure 3,^2u:e (1) sequencing 
or nonrsequencing of objectives, (2) comnon or variable objectives, and 
(3) full mastery or .variable attainment* These three concepts in combina- 
tion define eight possible types individualized educational programs. 




Sequenced /Non-sequenced 
objectives objectives 



Figure 3. Dimensions defining' programs of individualized 
education. * ♦ 



. . Inatruatipnal objeotivos or topics within an instructional program 
my ho intGrrolatGd iji.^rodGtGOTinGd ways, Gstablishing for the program 
a nGtw5rk pf proroquxGi^^^a. If suoli prGrequisites exist within a programr 
the objectives ara sequential* For CKaiuple, the achievement of objectives 
in a mthematics curriculum is often v sequential in nature, with completion 
©f lower-order objectives being prerequisite for progress toward higher- 
brder objectives. --'Not all objectives need be related sequentially ^ hoyi" * 
ever. Many mcnj^be relatively independent, and can be attained at any 
one of severa^r^gaints in the program of* individualised learning. Some 
instructional j^rograms are characterised by the absence of prerequisites 
and are therefore non-sequential in nature . 

in an individuaiiseS instructional program, all objectives may not 
be required of all students?^ -tiliat is, those objectives which comprise 
an instructional program may vary among students. Some objectives may 
be" common in that all students are required to attain them, wkile others 
may not b^ so required. This d,^farhes a ptogram^ with veariabl-e objectives. ' 

Programs of individualized education may also vary* the mastery , level ' 
required of' individual students. The required level o€ attainment ^inay 
'Vary from student to student or a program may require full mastery whe;cein 
all studentsi in the program are expected to; achieve the same level of • 
attainment pn a given objec'l;ive. , ' ! ^ < 

Two other important concepts useful in^^alyzing individuali?:ed | , ^' 
instructiohial progran^s ar^a cpjnpatibility of ins truct^ional act j.vi ties and 
compatability ,off instructional objectives. Compatibility is concerned with 
the efficiency of the instructing and learning processes » ^Analysis of the 
instructional progreun may identify two or more objectives Vaich can be 
effectively taugh;^ at the same time; these are therefore coirqpatible instruc 
tionai activities. Compatible instructional activities are jin contrast to. 
sequenced prerequisites which should not be undertaken at the same time. 
.Some instructional aotivities may be useful in teaching toward inore than 
a single objective, thus identifying, JJiese instructional objectives as com- 
patibre. Some iris tructiona]^ activities may be compatible and point to aaso 
ciated set$ of compatible objectives. The concept of compatibility , is 
useful in identifying, clusters of objectives which might logically be 
tauglit^t^gether and may form a b^^is for establishing instructional 
topicis within a program. 1 

One fo^ of incompatibility, that pf prerequisites, haS' already 
.been discu4§ed. instructional ^activities and related objectives may 
be incipmpaiible fpr other reasphs. Instructional activities may, for 
exampl^, be designed for differing group sizes or instructional settings, 
making phfem inappropi?iate for teaching 4t the same tiiae and thus incom-\ 
patiblei . Further, objectives dnd instructional activities may be neutral; 
with respect to coiripatibility, indigC^ting th^t they may be taught at the ^ 
sam^ tim^/ but without particular gain an effifcientiy. - — 

* An iiiijportarit ^step in the development of a system of individualized" 
educationyis the specification of^ performance standards. Each goal or 
objective! in the total system must be interpretable in terms of the 
, behaviors \necei5sary for its achievement. As mentioned earlier, th§ise 
performance standards need not be common to all pupils noi: nee(|.%they 
be rigidlyl applied without exception. Rather, these criteria ma/ be K 



sufficiently flexible to ali^w for the wide range of individual abilities^ 
which generally exists in any group of pupils — but no^ objective should be 
without - its associated adhieveitient ox performance criteria stated in 
specific behavioral terms . 

Performance standards in systems of individualised education are • 
frequently embodied in criterion-referenced tests. As the name implies,- 
such tests dontain a criterion, or a set of criteria, which a pupil must 
satisfy in order to attain the objective. These criterion-referenced 
tests, however, need' not Always be of the paper-ahd-^pencil type; they 
may take other forms which involve oi^al as well as written skills and 
attainment of criterion may be determined through observation and per- . 
formance testiTig. The task of establishing criteria is clearly made . 
less complex whi^n system goals of objectives have been carefully planned 
and specif icalljj' stated. ^ iti ' 

For some pbjectives, the criteria for attainment may be operi-ehded. u 
"Although specific behaviors to be attained are stated, a ^single observa- 
tion will not suffice to determine that criterion has been^ reached; con- 
tinuing demonstration pver time is desired: This type of objective is 
likely to be included, for eixample, in a program in the affeetive domain. 

In this section, the structural components of individualized educa- v 
tional programs^ and the many ways in which these programs may> differ have 
been identified**' -While all\ ar^ based, on mstery level objectives, they 
may differ relative to the ip^quencing or i^n-sequencing of objeqtiyes,'on 
whether they require full o:^- variable mas^ry," and on whether they include 
common or vari^le objectivele. Instructional objectives and activities ^ / ^ 
have been defined and the, ixoiion of perfoiltnartce standards as- they relate 
to t&ie mastery-le^T'el bbjectiV0s has been discussed. The .process of individ- 
ualized instructioji 'will be built upon these* conceptsi' in the next section. 
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The first fetep in tftie .implemeritation of an'^indiviaualiged instaructional 
program is placing each studfent within th0^ context ogo the instructional 
objectives . Usually this is accomplished through the use of a placement 
test or protest. With the results of this' test teachers can identify where 
each pupil should begin. in tHd total network of objectives and can select 
a' set of /Objectives from the tota]^ system which are realisti\c in terms of 
: the pupirl's likelihood of attaining them. With .this informe^tion a teacher ' 
may effectively, diagnose deficjLencies in the pupil's progressV towsurd the 
objectives in any given instpuctibnaX area, ' 

It is at 'this ley^el of /l^he system that significant advances\are inide 
tgS^ard individualizing Instruction since the . diagnosis ^which Jtakes place, 
is made^xln terms of the" indijriduaX pup'il « s stan<iing with regard^ to the 
specjrfied instructional objectives and^'not with regard to the standing 
of^^thef pupils. The objectives which hatre alr^eady been specified By 
tHe instructional program- act as a framework within which each pup^l 
proceeds; a variety of instructional objectives, may be identified at „ 
any given time.' Diagnosis, then, "is not simply -^he identification throuigh 
pretesting of a pupil^*s current deficiencies in a particular area; it. in- 
cJLudes a broader judgment about his standing within the total network of • 
bbjectiyes* . o. » ' , ^ , 

A* crucial component, of any system -of . individualized education is the 
process 6f guiding or prescribing , for 'it is at this point that the inr 
structipnal process is directly related to the ind^yidual needs of the 
student. Here^the decision is made about how best to itieet the? ifistructional 
needs determined by the diagnosis! The guiding or prescribing process must 
take into account the structural characteristics of the program (common or 
variable objectives, full or variable attainment, and sequential or non~' 
sequential instructional objectiiyes) as well as such student characteristics 
as learning style, interesty and ability. . . 

Individualized ins taructional programs differ in th,e way in which selected 
instifuctional activities are implemented, that iS|,<^in the way instruction 
takes place. Most individualized progranfjs prescribe that the student work • 
alone on the instructional^ activity— frequently on a work sheet or file 
folder, individually Guided Education attempts to form large, medium, 
and ^mail groups* around specific instructional 'activities, the size of 
the group depending on the instructional activity and the requi'rements 
of the student group i single student may work alone when thi^ is deemed 
appropriate. The concepts of guiding and grouping students according to 
similar needs, tas opposed to prescribing that students work independently 
all or most *of the time, is an additional difference between types of 
individualized educational programs. ' . ' — • 

Follow4ng instruction, student performance is ev^uated. A posttest 
\s given toMeteinnine the degree to which a pupil has attained , the pre- 
sp&cified objective; whether ^;he level of att^nment is satisfactory is 
-dependent upon 'the success criteria which were also prespecifiedr •* 
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In essence, the t?otal system has .come full cycle at thi^' poiht. . ^ . 
Student achievement of a given obje(3tive necessitates the identiif icatloil : 
of a iiew objective, which may be dependent upon -or unrelated tpjthe. 
achieved objective. Noh-achievemen|: may require that a differeiit objec- 
tive be set or the s^e objective m4y be retained, but a different set ^ i 
of instructional actiivities may be jirescribed.. The criteria fot achieve- 
ment may be altered I to'' suit an individual case. -Although objectives and ^ \ 
^ " the criteria for their attainment are prespecified, the system cemains 
> . flexible in that either may be redefined as required. The procb^s of ^ - ; 
goal-setting, pretesting, diagnosis prescription, instruction, V and assi^^ss-^ 
ment is thus simply 'a means to an end, and not an end in itself ^ Modifica- ^ 
\ tion can and does occur ^as required kt any stage ^ of the process the ultimate 

' goal is to serve th^Aeeds^of the individual pupil < not the need^ of the 
system (Lindvall S Bolvin, 1970) , . ^ . j 

. Basic to programs of individualized education, then, are the processes 
• "'Of pretesting or placement testing, diagnosing^ guiding or prescribing,^ 

instructing, ^d postt^ting. These processes are conducted relative to - 
the individual needs, interests, and abilities of students. In addition ^ 
to the. strjfctural differentiators of individualized programs idenj:i£ied 
. in the preceeding eeption, this section has identified anotOxer basis for , 
- ' distinguishing between types of indivi,duali2edyprogr,ams. This difference . 
is the emphasis the programs place on guiding st\idents into learning groups 
as opposed to prescribing independent work for individual^tudents. 
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'y /^. - COMPUTER MANAGEMENT OF INDIVIDUALIZED INSTRUCTION> 

" ./ ■ ■ ■.. . ^ ■ ■• ■• ^ . . . t ' 

sUp to this point the discussion of indiviaualized education has beiri 

, abstract. While, the syst:ein seems, logically sound and intuitively pleas^ 
.ing\ many logistic problems atise with the actual task of iraplemehtiiig' . 

:tthe system iii a typical classrooin. -The problems related/for the^mosi 
part, to routine' matters o# record-keeping and information retrieval> 
but when these tasks are considered at each stage in the , program of " 
individualized instruction, they compound rapidly and soon become u;n- 
manageable. While the task/of creating an initial list of goals^r \ ■ x ' 
objectives, for a particular curriculvim\ area may jbe' difficult, the job ^ 
of keeping- tjrack o£ th'is list as objectives are added, modified, or^ 
replaced soon becomes civerwhelming. As discus^sed earlier > 'a system 
of individualized education may include •^common or variable, sequenced 
'or non-sequenced, and full or variable objectives. Several possible com- 
binatiorris; of >^hese objective types exist, and all may bfe used with each 
^upil at different times throughout the , ope2:atibn of the system. Keeping 
track of even a single . student bedomes a considerable clerical task, and * 
one that preventj^.the clasTsrbom teacher from using time effectively on the 
more important .matters of instar^ and counseling, ' * 

' Assessing level of performance and diagnosing the deficiencies of " 
each pUprl areVno less time consiuning. When the- guiding or pt'jsscribing v. 
pf instructional activities fpr each pupil follows these steps, the task 
confronting :th6 teacher becomes .very grlat. The instructional phase of 
the system followed by ^the criteirion- referenced testing necessary to ^ 
ascertain level of goal attainment 4^ 

in managing the system effectively, '^en if a teacher is- capable of lead- 
ing a class of pupils through"; ohe iteration pfs^^he system, subsequent feed- 
back and further iteration Vduid soon reduce the effectiveness and efficiency 
of the >^ystem.*' ' . ■ v . ^ ^ * 

^ During 1974, the Wisconsin; Research and DeVelopmentsfcent^;r sought ' to 
identify strategic problems in implementing IGE/MUS-E in schoo^is.^ Con- 
sequently 130 teachers from seven schools took part in organized discus- 
sions utili?;ing the Delbecq Nominal Group Technique. Participants rated 
in order of importance the five highest organizational^ [problems pand ^the 
five highest personal problems they had' encountered in implementing IGE 
in their schools. Analysis of the responses indicated six anticipated 
problem areas .of which management of indiyi'dualized instruction. Including 
planning individualized programs,, grouping students, diagnosis, remediation, 
and record-keeping, was rated the second most crucial' problem to be solved. 

Ge'nerally the data analysis revealed that considerable support in 
providing facilities and resources -is Required initially^^^t^Wurther re- 
vealed a cohtinuing need 'for assistance in managing ^programs of individ- 
ualized instruction. > 



%hi.s information was collectednas part of the "Materials and Strategies 
for IGE Staff Development -^and Implementation *V component 'of the Wisconsin 
Research and Development Center for Cognitive Lear^|.ng. 
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The manageaent of a comprehensive system of indiVidiMilized education 
;in a xflanual mode 4oes- not appear to be particulariy vi^M^ It seems 
evident that tile support of coxnputerVsystems- -^automated in^^ 
processing/ and retrieval mechaniTOSf -will be to successfully 
iiiC)lemeht programs of ihdividualiied education.// 

Most of the problems associate)* with cQntrol of 
* system of education relate to the j:apture, storage, tod rei^ievarot ' ^-^^ 
information. lAsts of obiectiv^s /for each instructional area ife '^V,^ 
be formulated, filed, and constantly updated and maintained. This. set 
Of objectives must be continually reviewed in terms of both group and 
individual progress. Pupil piprfortnance on assigned objectives* must also 
be recorded and -'reviewed. A considerable amount of testing of pupils at 
both pre- and post-instructioilual stages is necessary. Scoring these 
tests, while not difficult, may be a time consuming €ask for the instruc- 
tional staff . Possibilities for the machine scoring of tests exist an|d, 
are particularly feasible amd desirable for comprehensive placemj^nt tes^s. 
' Perhaps most iirt>ortant of all, systems of compute?/ managed -instruction * 
have the eODility .±0 p;tovide rapid and frequent feedbacK in the form of 
reports to pupils, teachers, school ataministrators, amd parents. 

* \ Fortunately, the current stage of computer t;echnoiocnr makes automa- 
;tion of these tasks possible. -Systems can be created where objectives 
and' associated performance standards, once s:i^cified, can be permanently 
stored in computer Jliemory and filider\t achievement data caii be related to 
it. Parts of .the systems; xnajc, modif ied wit^ 
to, Sthej? coinponenjts in the system,^ ^ , 

• V%eg^^ a pupil's beginning levdl of performance 

may be construe ted in n^achine^rea^^ Scoring and recording of 

the data may then be done more 7 efficiently . The classroom teacher can 
be. relieved of most, if not all, of the burden of tl^is activity. The 
system may be programmed ^to provide diagnostic reports ,/ based upon match- 
ing £est results with ea5)ected levels of performance. /Hie system may also / 
facilitate guiding and prescribing activi^^s by suggesting groupings of^ t , 
students or by selifecting particular insta^piipnal settings. Ppsttests, 
^ may also be in ihachine-readabie format, al«iough many teachers prefer 
.. tests dji^fprpiats which are hot readily amenable to machine scoring. The 
results Of testing, however, when recorded, stored, and matched against 
expected criterion levels, result in an achievement profile for each stu- 
dent. Such profiles would indicate the student's standing relative to 
the objectives included in the instructional program. Such profiles may 
seprev as progress reports to administrators and parents, as well as to 
pupils and teachers. « . 

Clearly, then, computer technology will greatly ease the burden of 
managing individualized educational programs." Without this iiechnolpgy, 
such systems will likely remain in the developmental st^ge and fail to 
become fully operational. . ' . 

Some attempts to apply computer technology to individualized edt^cational 
programs will now be reviewed. The extent to which each system ini^lpqrates 
the parameters of an individualized educational program will be not^d^. 
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i PREVIEW O F COMPUTER. MftNAGED INSTRUCTIONAL SYSTEMS 

. • ' -0 

: - " ' ■ ■ • . • ?^ V ^; ■ ■ ' . ... . • 

> A system of computer xnanaged instruction (CMl) \has as its objectives 
collecting ancl processing information on students and supplying this 
information at appropriate; times and places so. .that it is directly ^ 
Applicable "to"^ instruqtioha:i decision making* When the appropriate ^ 

/information 'is supp^lied^ to decision jnakers'in'a usable format, the 

) efficiency of decisi<D»n making 4nd the quality of decisions , should 
improve. Cooley •and piaser stat^^^ ,"The function of the computer in 
a CMI system focuses ^pon allowing better information flow to the com- 
plicated decision process on a dontinual b^sis [19^8 , p. 1] IJhe "teacher , 
student, and administrator continuously need infoiiaation forifeVal^^ 
alternatives emd roakingi- decision^. ^ - * • ' ? 

. Boitdn and Clark state that the ''qpncept and the fwction of CMI ex- ^ 
tend beydnd traditional student dccpuii|ihg... This is a rtesult bf the grow- ^ 
ing mass jo f evidence which states that the 'trtie^ potential of management 
systems lies <>in ailpwing schooi systems to change their, instruction , " , 
procedures, while vmaintainirig': the. needed control [1973, p. 5) J' ' It-'is, . 
th^n, the ^function of ' a CMI system ^ to utilize the computer to opt^ize' 
the learning environment for each child and to maximize the efficient 
use of school resources, both human aiid material. Cbnstnicted as a: "manr ' 
ma.chine system foc;^sed well beyond the limited scope, of personnel and ^ ' 

• a<aministrative si*tems; CMI combines the data-majriipulation power of cur- 
rent, hardware with the functional' flexibility of .instructional software v- 
to generate a aemonsfcrably effective and efficient tool l^jy:he individ- 
ualized school system [Bolton fi'^giark, 1973, p. 5)." ^aifv 

Many research groups across the country conceptualized CM3^ systems 
almost concurrently. Baker (1971) reviewed the characteristics of 
these- systems and noted a great deal of similarity among them. This 
survey showed that generally each of the various CMI systems^ studied 
was built around units of instruction specified in terths of educational 

_obiectives, desired student behavior^ levels of competence, or concepts 
.to be learned^ -Asao^iated with -each instructionai unit are criteripn- 
Veferenced tests which assess^levet^o^^^ each objective ii^that 

tmit.. Typically r siich tests are administered as* pretests to^determirie a < 
student's current level of achievement and as posttests to determine if 
specific olDjectives Jiave been achieved, t 

Baker (1971) reports that in each of the systems four taiaj or functions 
are performed by computers: test scoring, diagnosing, pretecribing, and 
reporting. The major CMI projects differ primarily in thel emphasis placed 
upon the major functidns performed- by the . system as related to the instruc- 
tional^prograin(s) being supported. 
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A REVIEW QF MAJOR COMPUTER ^ 

■. .-. ' " • • ■ - ' * ' • , ■ " . . * . ' 

Sinpe 1968, yhen the first. major CMI system, known as IMS or Instruc- 
tional Management System (Si Iberman, 1968), became operational through 
. the efforts of the Systems Development Corporation of Lo^^ Angeles, 
?ieveral sijnilar systems have been "tieveloped* ^ These include a Teaching 
Information Processing System (TIPS) (Kelley , 1968) and a Computer — 
Managed Sys^tem for Mathematics (CMS) (DeVault^ Kriewall, Buchanan, & 
. Quilling, 1969) ,j both developed at the University pf Wisconsin, tKe la'tter , 
system being -no longer operational; a Management Information System designed 
^by the Pittsburgh Learnxhg Research and Development Center to operate a 
program of individually Prescribed Instruction (IPI/MIS) (Cooley 6^ Glaser , t ' 
1968) ? , Pro ject PLAN (Flanagan, 1971), developed initia^y by the American " 
Institutes ^fojr Research and How- supported by^^Sfij^estinghquse Learrting Corpora- ; 
' tions; AIMS (Lekan, \197'1) , a CMI system developed at €he New York Institute 
of Technology ^ MICA {Baker, 1971) , a CMI system operatihg[ at the Sherman 
School in Madison, Wisconsin; the Wisconsin System of Instructional 
Management (W±S-SIM) (Belt & Spuck, 197,4) , .developed by the Wisconsin. 
Research ahd Develclpment Center for Cognitive Learning to ^provide' in- 
structional support to programs of Individually Guided Education (IGE) ;\ 
and the Comprehensive Achievement Monitoring (?AM) system, developed at ■ 
the Universitf of Massachusetts Utider a grant irom the Kettering Pounda- . ^ 
tion. While tRese systems vary in suBj eg t areas supported and approaches * 
to -individualizing educati^p, all have addressed the primary characteristics 
of computeir managed instruction in a simil'ar faishion. ' ; 

* As noted, the basic prerecjutsite for any CMI system is the existence 
of a seJ:*of well-defined goals 'and objectives', stated in terms of the 
performance levels necessary for attainments Kelley^s TI^»S program 
(1968 )•, for e^cample, is based upon an economics si^llabus, the goal ibeing . 
mi^stery of the primary concepts of the course. Specific objectives are 
^ derived from syllabus componejits. Project PLAN (Flanagan, 1971) supports 
curricula in language ^arts, mathematics, social studies, and science, and 
it -will also accommodate instructional objectives whicfr are specif ied by 
-the local school or district. The IPI/MIS (Cooley & Glaser, 11968) system 
J is similarly based on^a predefined'elementary school curriculum .designed 
for infiividualized learning* In the CMS system (DeVault, kriewall, Buchanan 
fit Quiliing-, 1969) , which deals with an individualized mathematics program, 
one objective is to actually teach pupils how to- plan objectives; these 
outputs then become, inputs to the ^system. The AIMS system (Fritz & Levy, 
^19(72) was designed so that any set bf linearly sequenced behavioral 
obijectives could be incorporated. It is. presently supporting instruc- 
tional progr^s at both the elementary and secondary level. The MICA 
. systeifii' is based on an objectives mddule and allows for 250^bbjectives in 
the instructional program. Oirrently this system is supporting a linearly 
• sequenced elementary mathematics program. The WIS-SIM system (Belt & . 
Spuck, 1974) suppo;rts the objective-based curriculum materials in the 
Individually Guided Education programs of the Wisconsin Design for Read- 
^ ing Skill Development (WDRSD) and Developing Mathematical I?roces^es (DMP) . 
Basic to all the systems presented is the principle that a, prespecif ied 
set of olDjectiVes exists. While curriculum content may vary and while 



formv^lation oiJi^^ecti^res m:^ different persons, efkch system . . 

requires the d^lline^tion *c*f the objectives ^in tiie data base. Also in- ' . 
eluded in the ja^aita base i^ vtiie sequencing (linear, network ,/ ox non-sequenced) 
of €)iie objectives, \ 

' CMI systems* must also > be concerned with l^^jjlpecification of perforroarice 
Stayidards requiIrM to obtain |)J)jective^;,, in , fact, statements of pexformahce 
standards are best incorpoifajse^ Within ithe s - \ 

oil systems difj^^k priJtiar^U^^ regaif^S to how the personnel are involved- , 

in the decisionmaking proceja|i. It is^ |itnplied within the TIPS system that 
the course prof ^i^|or speciAes the required level of attainment. IPl/MlSy 
however, has a comprehensive ^jg^redefind^^^^^^ curriculum as the 

systems base and iipplies the ?|iiyolvem^ many persons, which may ihcluiie 

school administra:^|$ra, teachej?s# pupils-^^iiaind parents. Performance ^standards 
in the IGE program ^iif ms-SIM are usual^; set I5y the developers of the in- 
structional prograxttl^ but may foe alterefl^^ the school or district level ' 
in accordance with ^|he desires apid need|^ pf the local schools;- Not all 
objectives in IGE piriJgrams are assessedyl^jc^antitatiyely through paper^-^nd- * 
pencil tests. Some siSsessment is bas^^ perfojnnance 
€ests^ and teabher obs^^rvatlon^ . ^ / 

A basic element ojl|rnaxiy progipm^ education is pre-, 

testing to establish tdi^ ctirr^nt istandxijg pf^ the 
total network of objectives. Most CMl ssystjans operating at the ■elementary, 
school level process specific pretest results^. Pretesting of each pupil 
for each instructional topic is a basic yompone'^^ of both IPI/MIS and MICA. ' 
Placem^t testing in IGE (WflS-SIM) progafams frequently covers an entire . ' 
instrti6t;ional level and is Ws^^ at the beginning of the school 

year and at othbx times" desifced by tjfe individual schools. CAM provides \ 
4.ts^i^sers with statistic^a item analysis in^rmati^^ in test cc5i- 

struction and refinement. ' \/_ '< . * * 

Test scoring and test ' reporting Tiave been variously /automated in the , \ 
several systems. ^ Currently^ PL^Nrepresents the highest ieveL of automa- 
tion. -Placement tests, achievement^^^ tests, and instructional objective 
teists are optically scanned on-line)t>y a mark-sense r'eader and the response 
pattern is transmitted to the coirput^r where it is stored in a file for sub- 
sequent batch processing. \ ^ \ 

l^lfi CMS, placement tests were machiiii?^ scored off-line and resulting^ ^pores 
wef^ entered in a 'batch mode from magne1:lc tape or punched cards*^ The 'post- 
test results for single instructional objectives in CMS were machine score^i 
and the scores entered interactively by,.te\etype. 

IMS machine scores tests off-line with WrlJ^sense readers and the scores 
are entered into the computer in batch mode .V In WIS-SIM, placement tests 
are machine scored and the results are . entered^ in batch mode either f rom^ 
cards or tapes. The criterion-referenced, instructional objective tests ^ 
are manually scored' and the scores are entered Wnually on mark-sense sheets 
or cards. Depending upon ,the computer configxira'feion utilized, the mark-^ense 
forms are entered on-line <^r in a batch mode. In\MICA, tests are comments 
manually scored and the results are entered interactively through a C^T \ 

terminal'. ; \ . 

On the basis of the test results, educational need may be. diagnosed 
to identify those instructional objectives which the student haS not 
mastered, but for which the student has satisfied the prerequisites. 



CM^ einpi).oys a system wherein the identification of learning deficiencies 
is based u^on a computer an^lysiis of wrong response patterns. Some in- 
structional programs f such as thos^e supported* by MICA and IPI systems, have 
instructional objectives vt^ sequenced linecurly, so that the objec- 

tive which follows 'the last objective mastered is the next to be undertaken; 
diagnos i s , thei)i / ithe identification of the next non-^mastered objective. 
In PLAN, the 4eci^^io3Q^ about which' track or level is most appropriate^ for 
an individual; child is based on the placement test, objectives within 
each level of the reading and* mathemat ids programs within PLAN are then 
^lineaia^y sequenced and diagnosiifef is carried out in a manner similar to • 
the CMI system. MIS^^SIM advattdjes the notion of Qomparisbn ^between actual 
and expected ^performance Over timp to ii^entify pjotential teaching/learning 
problems. The^ AIMS system pai'o^uces a ''j)iipil profile!' which contains student 
achievement data |ind demog2;aph$c infoinaiati as well -as clinical ca$ie infor- 
mation. ^,?rom this/ the teachi^r assesses, student ins(tructionai need^l^;' 

\ It is at the prescriptive; stage whjere CMI systems possibly /diff^f '»the 
rooisft. Th6 TIPS systepi, for ej^mpleV has a" variable pre scrijitive fori|at, 
depending upon the degree of idiscrepancy betweeh test results and c||^terion 
levels. Prescriptive aqtivitieU may ihpiude .hoinewbrk exercises, attehdance . 
at alternative lecture's; or gtoup work:,; Such activities may be . optiphal , 
or required, depending upon the level; of mastery identified; by test;ing* 
Unlike other CMI systems^ TIP^ presents 'prescriptions^ to students in.! 
paragraph format rather than referring the student^to a- niimbered woyjc 
folder. The CMS project, on the other hand ^ does not generate specific / 
prescirlptions; it simpiy lists , the tasks whic)i a given pupil has pdmpletedi 
The process^of presdription ih CMS involves teacher-pupil discussx^oh conceirn' 
ing the next task to, be completeid. CMS differs slightly ^rdm other CMI 
systems in that pupil involvement at? this stage is quite fironounced*^ 
Prescription in Project PLAN is^ more broadly based in that all available 
data supplied by the student, and his parents anGk:teachers, iis utiliz^cl^^ 
^by ithe computer in ^recommending a specific program of studies. This jL^"'^^ 
, similar to , CMS, in that the level of pupil involvement is high, ^ut dif- 
fers from it in that extensive comjjilter assistance is requir;^%to '-solve" 
,a longps^^f decision rules.. Typically, prescriptiori in Project PLAN 
resultV in the selection from among several alternative teaching-learning 
iftpdulesj^ \. ,^ i ~ 

IPl/M^, AIMS, and MICA, being based ^updn predefined elementary curric- 
ula, -are qiite specific with regard to prescriptions, In general/ these 
systems generate prescriptions which refer the- student to programmed 
materials, workb6pks, file folders, or texts. In some cases students 
are referred to teacher-led seminars.- These systems also provide for 
student involvement at this stage". IPI lists prescriptions for an 
individual pupil alorig "with summary achievement reports. MICA allows 
for the generation of prescrijiitions instantaneously, through the use of 
interactive terminals. WIS-SIM focuses on providing teachers and students : 
with information to assist in grouping students on the basis 'of common 
instructional 'needs. A variety of instructional activities is available 
and specific cictivities are selected by the teachers and/or studenta on 
the basis of the learning needs represented in the group. 

The implementation of prescribed instruction is the next stage~^in a 
system of individualized education. Typically^ the cpmputer plays littie 



or.^o role in-instrucltion, a fact which s^par^test^CMI systems, from CAT • / 
{Computer Assisted Instruction) systems ^ This is not^^fee^^^^^y, however, that 
^ CAX activity couid pot be utilized within a CMI framewoipk^ None 6f thj^ 
systems discussed in ithis paper appear to utilize the computer in the iinple^ 
mentation of pres'^crijie'd activities. FolloMng^nst3niction> pbsttests aire >' 
generally given/ Asf described earlier, tests irtfey be administered and Sicdrdd 
either by machine o:t manually-" Test results are then stored in the computer 
and compared with criteridn performance standards* Such comparisons pridyide; 
'the data necessary to ascertain wl>eth)er or not a pupil has acliieved' the 
particulai: objective. Mo^t^ systems allow for tfile production of reports con- 
taining the updated achievement information. • In W^S-SIM, for exi^ple, tixfese 
records are l^Beie^! perform ■ ^ -/j^i^ * . > 

TIl>S arid^;^^SM bo summary information Which in eyalu^ 

ating :t:he teac]|?ijig/leatning^p?^ TIPS piresen€s informl^^n based^^ 

grotyp p^rf btittkhc^ which ^assists • in identifying instruction^iifeuniikis iff vfbicht^^ 
stu(ients have- jexperience dif^icxaity. CAM allows the production of sturat^^ 
peirform^ce profiles based xapon; student characteristics : su<^ jjat^^^^eth fp'- 
type, sex^ or socxo-econpmic status.; Thi^ information alloi^^^^for^^ e^ralu^^^^ 
atlon of the effectiveness of instructional programs for stuo^ imva^oi^ 
groups, •" "■>w'^. . * ,- .. ' '. , /" "'''^f-"'; 

S^mM:0?^I S ^ - 

CMI is a lAanagement inf^ormation systein which provide^ instrucfc^^ 
managers withX^ requd^ed fot decision, making in individualized^^^ 

ediK:ati6nal pi^grams. The major i^ocess^s specif ied in CMI system^ in-^ ; - ^ 
elude test scqiring (placement or posttest) ^ achievement profilinef, ^i^gnos^^ 
:ing, and presbribing^^'^^ major systems examined in this review shkri^ much 
^in corariion^ they dif ter in the emphasis' on and reporting :^ormats for each of 
the fo2r process areas. A variety' of approaches to test scoring are taKeh/ 
from hand scored, batch oriented systems* to machine scored , on-line s^^s^i^ms. 
No system at presei^t has integrated on-line test scoring with an interactive 
reporting capability. There is no reason to conclude that any one aj>|)roach 
to test scoring is best for a|l instructional environments amd programs./ . 
Each approach must be assessed in terms of itteeting decision-^making reg[Uire- 
ments within existing cost constraints. 

While all CMI systeiriis' provide diagnostic and prescriptive ihfbrmaition,\ 
the actual information provided varies greatly with the structure ; of ^he . ' * 
instructional program being supported. ^ A difference in prescriptive -report- 
ing is evident ifetween CMI systfem^ which encourage students to. work ^pne • 
(e.g^, IPJ) a^ contrasted with those programs which support inatrUc^^ 
grouping (e.g. , IG5/WIS-SI^ and; PLAN) . Diagnosis and prescription wit^^ 
the ^systems examined" is not highly developed at the present time;. ! A: notice- 
able step forv(a,rd is the diagnostic function of comparing actual perfoi^nce 
with expected performance •liitluded in WIS-SIM. None of the systems i?x;amined 
appear to prpvide diagnosti<2 and pjrescriptive information in any systematic 
way based upon learner characteristics other than past achievement, i Varying 
iristructeional activiti^^ according to student* preferences, interests, abili- 
ties, or leay-ning styles appears to be left' to the teacher's abi^ty!.:to 
recall the. studetnt characteristics and appropriately associate them with 



instructional activities • CMI systems seem to have greatest potential in 
the area or management of instructional resources in the prescriptive 
process and diagnosis of stiident 'instructional nee These areas have. ^ 
only barely\been touched in system development to this date. 

Pew rese^archers ha\re addressed tlie problem of curriculvim management 
amd CMI at the conceptual level. Notable efforts in this direction are 
those taken by Cooley ind Glaser (1968) /Baker (1971), DeVault and Kriewall 
(19^7)', Belt and Spuck (1974) , and Spuck' and Owen (1974) . ,None of these 
models has beeh tir«Uisl4ted into a generalized CMI system which accounts 
fori the^ basic structural differences between different programs of individ- 
ualjized educatipn* 
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THE WISCONSIN SYSTEM FOR INSTRUCTIONAL MANAGEMENT (WIS>SIM) MODEL 

In this section, the processes of computer managed instruction ate 
integrated into a; generalized model which will account for the major / 
structural and process delineations of prograuns bf individualized educa- 
tion. The model is an extensioii of earlier considerations presented as 
the Wisconsin System for Instructional Manageinent (WIS-SIM) (Belt & Spuck, 
1974) . - " " . 

; Systems of computer managed instruction are designed to provide manage- 
ment' information, to school personnel as required for instructional decision 
making. The main function of an instructional management infomiat;ion system 
is to improve decision making about the instxuctional program of the school, 
leading to maximized educational benefits for each child while xna)j:ing effi- 
cient useiof the available human, material, and financial resources. The 
objectives of such a system are as follows: /- 

1* To identify decisions which are related to the instructional 
process. - , - . 

2. To^determine what information woulti be most useful to decision 
makers involved .twith the decision. ^ . • i \ , ' 

3. To arrange mechanisms to capture requir;ed data. 

.4. To summarize the data in a fSrih kiost usable to the decision maker.' 

5. To arrcinge for the timely delivery 6f appropriate information to 
the decision maker., - , 

6. To evaluate the utility of the information to the decision process. 

teachers in classrooms or instructional units are decision makers-who 
have, frequent neqd for information; .;t:heirs is the ultiina\;e responsfibility . 
for planning and implem^enting an instructional program suite^Dle for each 
student. The individual student may also be a significant decision maker 
since the. student may be involved with his' teacher in establishing specific 
instructional objectives for himself. Thus, he shouj-d have /feedback as to 
his progress toward attainment of initial smd long-ternT goals. It is in^or- 
tant that feedback about prbgress for young children be fairly immediate 
in order to yield inciximum motivational value. Parents have a key role in 
influencing pupil motivation and learning and therefore may also be in- 
volved in estcUsli'shing instructional objectives and monitoring their attain- 
ment. It iS' necessary to make appropriate and timely information available 
to these decision makers in order to estciblish optimiim learning environments 
and maximize use of school resources. « 

The basic structure of programs Of individualized education, as derived 
in the earlier discussion of this topic, leads tso the foliowing basic 
assumptions concerning, instructional progrsims to be supported bV a gen- 
eralized system of computer managed instruction: 
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1. There , exist* instructional missions and goals which are reduced 
" to sets of ineasxirsdDle instructional objectives* - 

2. Testing instruments and/or procedures are available to assess 
. mastery of the instructional objectives* 

3. Level (s) of mastery or performance standards are specified for 

. each child and for eaqh instructional objective (full mastery— ^ 
variedDle attainment).. ' " \ 

4. Objectives which are to form a part of each student's inartruc- 
» tional program arc delineated (common ob^ecti\jes— variable 

objectives). \ 

5. Dependencies existing between obiectives are specified (sequenced 
objectives— non-sequenced Ob jectiives) . 

6. Normative information exists, as required, for specifying long- 
range performance expectations. \, / , '/ 

7. Ed<acational activities and materials, exist which provide individ-- 
. * ualized instructional experiences toward the acconqplishment of 

^ the^ specified instiructional objectiyes. ^ - 

8. It. is possible quantitatively and/or fqualitatively to assess those 
individual characteristics pf; students which are essential to ' 

^ individualizing instructional activit;Les. ^ 

9. It is possible .quantitatively cuid/or ,^alitativeiy to assess the 
resource implications of alternative e'ducational experiences. 



THE INSTRUCnONAL CYCLE 



The instructional qycle in programs of individualized education may be 
depicted as in Figure 4. Five processes (P 1-5) and two decision ,(D 1-2) 
areas are included in this representation, initially, testing .(P-1) takes 
place; this provides information as to the placement of students within 
the instructional program. These placerrii^nt or break-iii tests are ^scored 
during a process (P-2) called test scoring. Results from ^ the tests are 
compared with mastery or performemce levels which have been specified for 
each student and for each in^trudtional objective. It should be noted othat 
the testing and subsequent test scoring need not refer solely/* to paper-ahd- 
pencil tests, although this format .is common, particularly" in break-in or 
placement testing. Other foinnds of testing which might be utilized are 
performance tests, work samples, and teacher observation. 

"On the basis of information derived from test scoring,* it is possible 
to. determine for each student hiis status .within the instructional program; 
that is, a determination of those objectives which have been mastered and 
those objectiyes which haVe not been mastered. The process^ of djAj^ksihg 
(P-3) provides information leading toward identifying instructidl|P^Pieeds • 
(D-1) . For each student and for^ eaph student's program, those objectives 
,5^ch have not yet been mastered, but for which he haB met all prerequisites, 
may be determined. Thus, need is assessed by comparing the actual performance 
of the student with the performance expectations which have been established 
for him. Since more than a single objective may be identified in the diag-« 
nostic process, it may be necessary for the student and/or the teacher to - 
determine which objective represents the greatest need at that time. 

The teacher may compare the instructional need of the individual 
student with the instructional activities which are available to assist 
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the sjkudent in learning the content of that objective. Prescribing or 
guiding (P74) is a process designed to provide infomation useful in 
selecting those instructional activities (D-2) which are most appropriate 
for meeting .the studenjb* s instructional nee'ds. ' The selected activities 
are carried out during the instructing ^process (p-5)A after which testing 
agaiin takes place to assess whether the student has im|t the instructional 
objectives. Biis test is scored and the cycle is repeated. • 

While not explicitly prjssented in Figure 4/ feedback within the in- 
structional cycle is possible. If, for example, duringV the instructing 
process, it becomes evident that the selected instructional activity is - 
not, in fact,'^ appropriate, a new instructionar activity ^y b^ ^elected 
without repeating the ent^-'re cycle. 



DEFINING THE INSTRUCJIONAL PROGRAM 



A first step in ijttplementing any computer ^managed systdiil is to define 
the data bases required by that systein. Two data bases axe fimdamental to 
the concept of instrudtionai mema^ement^ although ifhese may pe divided further 
for technical reasons on the operational, level. The first required' data . 
base must define the individualized program tfo the automated system. Th^s ' 
data base will be denoted here as thfe Program Data Base (]^DB) . A The educa- 
tional program of the school was described earlier in tejnais of instructional 
prbgrams, instructional eureas, instructional units (content/process or level/ 
•grade), instructional topics, and instructional objectives. The \pDB should 
contain the information which relates the given instructi&nal objective to^ 
tiiQ instructional program in terms of the intervening descriptors bf areas, ' 
units, and topics. Also contained within the record for each objective^ 
might be additional descriptive information such as the name of theXobjpctive, 
a. short descriptioh of it^ and any recfuiredt^ ihtemal or external labeling. 

^\ Three structuToi continua have been discussed earlier: "osecpienceoy or 
non- sequenced objectjb/es> coimnon 6r variable objectives, and full mastery > 
or variaUble attainmenK^- It is assumed %that the sequencing of objective's 
is the same for all students^, so that ah objective will have the same 
prerequisites when inoliided in one student '^s instructional progreun-as 
when included in amy othe\ student • s program. Since the sequencing of 
objectives Tor the prog^^X^oes not vary, it may be defined within the 
, Program. Data BaseV ratlier tll^ the Student Data Base (SDB) , which will 
be discussed later. \ \ ? ^ 

The tyj>e of sequencing to b^ di^fined may form a line, or a network, 
or be ncn-36quenced, as depioted^ in Figure 5. Vflien the objectives form 
a line, Figiare 5a, the sequen^ingVof instruction is such that when a 
; a given objectiviB, he then moves c 



student^ completes 



on to the next objective 



^ in the line.^ In a network the sWu^ncing is more complex. An objective 
may have more than a single ob jec-biv^ as a prerequisite. For example, 
objective six in Figur§ 5b has as ^rerequiisites objectives two and four; 

' objective six is in turn pi^erequisitte to objective seven along with objective 
fivd. The linefiur £orm is clearly . a sj^ebial case of the 'network form. 
Figure 5'c shows the non-seqpienced case\ \ Here, no objective is dependent 
upon^ or prerequisite to any other obje(ts;t^ When *and if sequences of 
objectives exist, they must be coded and included as a pcirt of the PDB. 
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a. linear. ^ 



b. network 



non-sequenced 



Figure 5» ,^equencing of. objectives. 



,It shbuia be/noted that some instanictional prog^rams define pretequisites 
at the, topic level rather than the instructional objective level. " 

' Also of relevance here j,s the concept of compatibility*' of objectives. 
As discussed earlier ^ this concept, is an extension of the concept of pre- 
requisites and refers'vto objectives which may be Efficiently taught to- 
gether. Information related to the compatibility of ob'jectives needs to be 
included in the PDB. This topic will be discussed later in the paper . 

When the instructional program is to be implemented as a full mastery 
program, that is,, when the same level of mastery is to apply to each « student, 
then thi? level of performance needs to be specified as a' part of the PDB. 
No! special coding^ is required as a part of the PDB to indicate whether com- 
mon objectives define' the instructional program. Figure 6 summarizes the 
content of the Program Data Base and includes fields containing labels , 
and descriptors, 'prereguisites, mastery levels, and objective compatibility. 
As objectives are added, deleted, or modified, the PDB will need to be 
iipuated to reflect these changes. Masteiry levels, compatibility codes, 
and prerequisites may also change, necessitating further change in the 
PDB. Historical information contained within the CMI system may be useful 
in examining the prerequisite structure pf objectives within the program - 
area. A separate PDB or^edtion of the PDB is required for each instruc- 
tional program needed to fulfill the school's missions. 
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Figure 6. Program Data Base. 
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DEFINING INDIVIDUAL STUDENT RECORDS 



The information contained in the Program Data Base (PDB) defines th^ 
ihstrubtionaX program in a generic way. It establishes a cffamework Within 
which individualization can take place. If the program is to be defined 
on aij individual level, a Student Data Base (SDB) must be established to^' 
specify the instructional program of each child. The information con- 
Vtained in the SDB may be discussed in terms of student identification, demo- 
"^raphic infui:mation, individual profiles, instructional program, perfor- 
ri&nc0 expectations, and perfqrmance information. Student identification 
refers to a student ntimber as well* as to the name of the students. Demp- 
graWhic information includes background elnd program factors as may be 
reqiiired for program management and evaluation: . teacher or \init name^ 
room number, itistructional programs in which the student is enrolled, age, 
sex, dHte of enrollment in school, home address,; and so f^^?^* Student 
identif location and demographic information must be revi^tmd zbx accuracy 
at least' annually. \ 

Individual profile information is included as required for making in- 
structional decisions concerning the individual child. Included within 
the scope of individual profile information would be the results from 
standardized achievement and aptitude tests, personality and interest .^^^'7^ 
inventories, and descriptions of learning styles. This infopmatibh is 
included in the student register as required for instructional decision 
making for the individual student. The exact information included would" 
be decided' in. accordance with district; policy, federal and state law3# 
"and the needs of the student's teacher or unit. ^ 

As was indicated, the PDB estciblishes a general framqwork for the . / 
instructional program. Any modifications required in the framework to / 
meet the needs of the individual student must also be included in the . / 
ins tanactional program. If the instructional programs include the con- V 
cepts bf variable objectives and variable mastery,^ then these pairamet^rs 
nfeed to be specified. Those objectives for which the student is or is 
not to be responsible need to be identified to opetationalize the concept 
of variable objectives. Similarly, the mastery level expected of each stu- 
dent for each objective needs to be specified in the SDB along with cuiy 
specific performance gbals which the student iS expected to accomplish 
over a period of time. This last concept will be discussed more* completely 
in that part of the paper dealing with specifying performance expectations 
cuid^ the process of diagnosis. 

The last category of information included in the SDB iis ledDeled per- 
formance info3anation. The student's actual achievement is recorded, i.n 
this section of the data base. At the least, a record is kept of those 
objectives- which the student has mastered and those objectives which the 
student has still to master. The SDB may alsb include additional infor- 
matibn required for instructional reporting and decision making, such as 
the actual percentage/raw scores achieved on tests assessing mastery, 
number of attempts on the, objective prior to mastery, the date of the 
la^t Attempt, and even the instructional activity (ies) used. The perform 
mance information would need to be updated frequently during the course of 
the student's instructional program,' pfe^umably at the conclusion of Qach 
unit of instruction. f 
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Tlie SDBf 'then, contains a comprehensive, historical record of student 
learning. Because performance information and instructional program 
information are specific to a particular student's instructional program, 
a separate section of the SDB must be included for each instructional 
program for which the student is responsii3;iiB.v Th(^ content of the Student 
Data Base i^^uramarized iri Figure ^ ' 
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Figrire 7. Stufent Data Base. 



THE WIS-SIM^MODEL: AN OVERVIEW 

As Bplton and Clark (1973) pointed out, systems of cbnputer managed 
instruction should provide the means for constant data flow auid collection, 
diagnosis, test scoring, » historical analysis, and information availability. 
That is, CMI systems should hav^ a" "total systems approach."^ Figure 8, 
which presents the WIS-^SIK' tnbdel in diagrammatic form, . illustrates such 
a total system. This figure incorporates the process and .decisions shown 
in figure 4, the instructional cycle in individualized education, but adds 
the process of achievement profiling and the data bases described in the 
preceding sections. Pro6esses are represented by thp rounded-rectangle 
symbol, decisions by the diamond %ymbbl, and the data bases by the com- 
puter tape symbol. Rectangleis are used to indicate information which 
flows into or out of the^ system. Information resulting from system proc- 
esses is usually, in the form of reports which >re subsecjiiently used as 
input to instructional decisions. *A new major d^cisiort area, specifying 
performance expectations, which was not present in the Instructional cycle 
model (Figure 4) , has been added. This decision results in a. set of 
e3<pectations for each student's instructional prograin. In the -sections 
which follow, each of the major processes indicated in the WIS-SIM model 
will be discussed along with the associated information flow.' 

TESTING AND TEST SCORING ' ' ^ ^ * 

o ' m^' : ■ ■ ■ • • " • . 

. ^sting begjifns and ends the instructional cycle, ^^esting as a pre- 
assessment or placement process determines whether a, :^tudent has met the , . 
performance standards associated with a given objective or set of objectives 
prior to ^ the beginning af^ the instructional cycle. Preassessment generally 
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refers to testing on a sroatll number of objectives, whilcj placement testing 
covers a broader range of objectives and is used for identifying starting 
points for the student in a pro-am. Placement testing may ^cur ^en a 
' student first enters an instructional program and at additional appropriate 
times such as at the beginning of each school year. ^ , 

At the end of the instructional cycle, testing takes place to determine 
whether a studer^has mastered the coptent of a particular set of objectives 
At the end of an instructional unit/ tests broader in scope than the post- 
assessment instruments ttiay be used to ensure that students have mastered 
the larger aggregate of objectives. 

Tests must be scored. Test scoring is a process wherein responses to 
test items are cosr{>ared with , the mastery levels or performance standards 
which have been set for that test ^nd for that student. As noted previ-* 
ousli^, not all tests need be of a paper-and-pencil' variety. Other forms of 
■ ' testing which could be utilized are performance tests, work seutqples, And 
teachei: observation/certification. In any testing situation, however, 
it is essential that the mastery level or performance standards be eaqplie- 
itly defined^ Since test results need to be entered into the data base 
in order to be utilized in an automated instructional' management system, 
maphine scoring can save cOnsidei^able time in updating student records • 
Machine scoring can either eliminate or automate the intermediate steps ] 
of scoring, transcribing, and keypvinching. 

As a result: of the variety of types of testing which may take place, \ 
ijb is reasonable to conclxide that not all tests are machine scorable. Per-" 
formance tests, work samples, and teacher observations are not usually 
conducive to machine scoring. Further, certain paper-and-pencil tests 
are not as efficiently scored by machine as they are by hand. Hahd scor- 
\ ing may be more efficient when the number of items to be scored is small, 
when the response sheet canhot be easily read by scanning equipment, or 
when suitable scoring equipment is not readily accessible. 

Figure 's shows the objectives, the sequencing, of ob;iectives, and the ^ 
mastery .levels as input to the Progrjefin Data Base. Placement of the PDB 
at this point in the model is symbolic in the se^se that information con- 
tained in it is utilized in processes other than test scoring. Once the 
information, is enter^ed into the system, it is available throughout the 
system. Additionally, feedback loops for the update or modification of 
the data base are nqt indicated in the model but are recognized, and in^lied. 
/ : Also illustrated in the figure is the Student Data Base (SOB) • Again • 
the placement of this data base in the mo^el is symbolic; information con*- 
tained in this data base is also available throughout the system. Also 
certain parts of thie SDB are . updated from other points withih the system 
as will be discussed later. Since the SDB contains each student's per- 
formance information, results from the test scoring process are catalogued 
in the SDB for use in the production of management 'reports. If individual 
mastery levels have been set, this information must be available at the 
time of te§t scoring. 




PERFORMANCE PROFILING 

Performance profiling is the next process in the WIS-SXM model. Pro- 
files are reports of either individual or group achievement with regard 



36 



to a set oi^ objectives included in the Instructional program.! Considerable 
flexibility in the production of these reports is generally provided by 
the system, thus allowing for freedom to define the group or individual 

.to be prof iled and th6 remge of objectives to be included. Performance ^ 
profiles may be used by teachers to derive em overall assessmen;t of the 
placement ofi students within the instructional program, or as laiphieve;^ 
ment reports which could be sent to parents' or .utilized in parlent-teacher 
or student-teacher conferences. Profiles coul<} also be perfortAance sum- 
maries of classroom, unit, or school over a period of time for 

, decision makers at these levels. 

■ ■ /' ■ ' ' . ^ ■ . ' ■ ■ . ' ' ^ " 
SPECIFYING PERFORMANCE EXPECTATIONS 

The first of the, three decision processes included in the model is 
specifying performance expectations. Through this process, goals are 
set for each student's instructional program for short or long periods 
of time, as is appropriate. Information input includes student and 
normative baseline data. Algorithms may be built into the system whiclb 
are based on such individual profile information as past achievement, 
personal factors related to* the student *s learning, and performance • ■ 
profiles. Normative information, which also may result from achievement 
profiles aggregated at the ui^it, school, vdr district levels, may be sup^ 
plied. Performance expectations take the form of specific objectives and 
the number of objectives within an instructional program to be achieved 
over a fixed period of time. When the individual expectations for a 
student have been set, they must be included as a part of the student 
database, so that they will be available as required. Specifying per- 
formance expectations involves tailoring the Instructional program /to the 
needs, of the student as required in programs involving variable mastery and 
variable objectives^, The formulation of expectations leads to the specifi- 
cation of an individual instructional program for each child. 

Teachers etre considered as the primary decision makers in decision 
areas outlined in this model. Specifying performance expectations, how- 
ever, provides an excellent opportunity for parents and the students them- 
selves to be involved in the instructional decision-making process. 

DIAGNOSING AND IDENTIFYING INSTRUCTIONAL NEEDS " ' 

The pui^pose of 2my system of individualized education is to serve the 
educational needs of individual pupils. In essence, the identification of 
needs is synonymous with- the process of locating^ current weaUcnesses or 
problem areas in the total configuration of a pupil's knowledge within 
2m instructional program. The process of diagnosis, .as shown in the *' 
WIS'-'SIM model, results in the identification of such needs. 

Ais ^Figure 8 indicates, the diagnostic function of the i?IS-SIM model 
is based upCn two sets of inputs: prespecified expectations as they relate 
to a given/objective set, and the data provided by the performance profiles. 
In generfu, diagnosis occurs through the con^eurison of actual performance 

■ . / ^ ■ ■ ■ * . . . 
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with performance expectations V While criteriOn-re testing remains 

the basis of the diagnostic , process, ysubjective inputs of both teacher and 
pupiil can and do become incorporated.' The output of the diagnostic process 
may be a diagnostic report which presents the degree of discrepancy be- 
,tween expected and attained results. 

Figure 9 shows the section of the total WIS-SIM model Which is most 
directly related to tiie identification Of instructional need. Expecta- 
tions which were formulated as a result of specif^^ing performance, expecta- 
tions are compared with actual student performance in an instructional 
program. Discrepancies as they are identified are reported and the teacher 
utilizes this informatipn to make decisions^ concerning instructional needs. 

Diagnostic reports of the type described are produced pnly when perfor- 
mance deviates from expectations by a prespecified amount; they axe there- 
fore viewed as exception reports. These exception reports may b^ -used to 
identify students needing extra porisideratiori in the form of on6-to-one 
instruction, or help from supportive personnel such as speech therapists 
or social workers. ^ Diagnostic reports could be uised to identify students 
who* are likely candidates for use as tutors or who might benefit from 
tutoring. Alternatively, the teacher may decide that the discrepancy ' 
between expected performance and achievement is the result of inappropriately 
set expectations rather than bv^r or under achievement. The expectations, 
then, would be Modified, leading to a change in the Student Data Base. . 

^Diagnosing is a process designeia to identify and report information 
which is helpful to teachers *:iri :4^fc^rminirlg instructional need. In addi- 
tion to the reports ^suggested above, it is possible that through diagnosis 
some types of instructipnal activities artd/or learning styles will be 
identified as more or less beneficial than others, or that particular 
categories of objectives will prove to preisent learning problems to the 
student. Such diagnostic iafprmation could lead to the early remediation 
pf learning problems . ^ 

- . . . ■ " . ' ■■• • . V ■ ■ ■ . . * ■ 

GUIDING THE INSTRUCTIONAL PROCESS 'AND SELECTING APPROPRIATE EDUCATIONAL 
EXPERIENCES AND SETTINGS " " \ 

^ The WIS-SIM model is cqhceptualized so as to take into account a wide ; 
range of both subjective apd objective information when determining appro- 
priate educational experiences ^hd settings to meet" iris tructional, needs. 
Factors which j.nfluence the selection of instructional activities' are 
such teacher variables as skill in teaching and preference for teaching ' 
certain instructional activities; such studeiit factors as aptitude, learn- 
ing style and learning handicaps; and Such interactive factors as person- 
ality conflicts between students or between a student and a teacher. As 
the WIS-SIM model shows, a very important consideration is the availability 
of both hvmian and material resources. This is frequently overlooked in 
the literature on CMI systems. The diagnosis may suggest certain types 
of 'activities but' few or none may be possible witJiin the bound^ of exist- 
ing resources. It" is important then that CMI systems take account of all 
factors so that -dec is ion makers are aware of the ramifications of. feach 
process for every other process. Components^of the system may l^e modified 
until optimum operating levels are achieved. 
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Figure 9. Diagnosing and identifying instructional needs. 
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In an earlier section, it was suggested that the Student Data Base 
could contain info.mvation on the^ individual factors affecting the selec- 
tion of instructiorial activities or settings^^ such as individual, small, 
medium, or large group instruction. Additional;^; dpita bases could be in- 
cluded in the system: an instructional ;inateria basc^^an instruc-^ 
tional and nonr instructional equipment data base; an'dnstruptional facilities 
data base, and a personnel data base for teacher characteristics and avail- 
ability. An integrated system which links these data bases nqt only , 
potentially provides , for better instructional decision making and*more 
effective utilization of resourc<$s at the instructional classroom or 
unit level, but additipnally provides the basis for an- acipura'te program- 
matic accounting of instructional costs per student per objective. This 
latter information would assist in school or district-wide decision-making ' 
pertaining to the allocation of resources to districi:--wi4e progre^ . 

The contents of each of_. the data Jaases mentioned above could be detailedi 
however, since the concept of an Instructional Activity Data. Base (lADB) is 
central to selecting decisions, it will be discussed further here. .The • 
primary purpose of this data base is to index and allow .for the retrieval 
of instructional activities which can be used to assist a student in learn- 
ing the content of a particular objective. Figure lO outlines the content 

of this data base. ' . 

As with the other data bases, the Instructiopal Activity Data Base (lADB) 
contains information, which identifies and describes the indexed resources. 
both'.inte!rnaliy to sy^^teiti software and externally tp the actual resources 
which were inclined. A primary linkage to.be defined is between the in- ^ 
structional resource and the objective or objectives to which it relates. 
If a particular objective is to be taught, this index may be used to determine 
those instructional resources which might be Uised to teach the objective. 

Instructional activities may be coded along a variety of dimensions, . ^ 
such as appropriateness to learning/ or physical handicaps, learning style, 
^motivational levels, 'and degree" of student independence required. Codes 
such as these facilitate th^ selection^of appropriate instructional resources. 
They may be compared with similar codesiwhlqh exist in the Student Data Base. 

, Additional information contained in the lADB could identify tests ox ^ 
procedures which are appropriate for assessing performance levels or mastery 
on a particular objective or 



materials required to support the activity and the equipment and space 



* requirements should be noted 
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The next informational element noted in Figure 10 is the "siunnary of 
usage." An historical record may be kept of the student experience with* 
a given instructional activity,^ This record could be sumn^rized as a 
part of the lADB, taking into acccjjunt such student cheuracteristics as 
may be appropriate to later evaluation of ihe activity, such as its 
appropriateness for use with students with particular learning disabilities. 

The Instructional Activities Data Base can meet two different informational 
needs. The first is to answer general ihquiiges as to what instructional 
activities (materials) are commercially or ndTCommercially availai)le to 
meet certain instructional constraints (objectives^ learning styles, etc.). 
These materials may not all be availcQ^le in the district at the time of 
the reguest> but pr^surocQ^ly could be obtained if desired. The second is 
to answer inquiries about what instructional*" materials are currently avail- 
'able within the school district. The lADB should act as an index " to^ the , 
availability, of instructional resources within the sch6ol or district. 

Many of the human and material factors mentioned so far can be * quantified 
and included in an integrated system, but other factors do hot lend them- 
selves directly to such an approach. Also, even if quantifiable factors 
are entered into a system, in many cases it would be difficult to develop 
and to obtain agreement upon decision rules^ to be utilized in programming ' 
these constraints. Therefore the selection of appropriate instructional 
activities : and settings will remain the teacher's decision-^not the com- 
puter's. To emphasize ajnd legitimize the teacher's subjective inpu-fc-in 
the. decision-making process and recognizing that it is ultimately the 
teacher and/or student who makes the decisions, the process in the WIS-SIM 
model is denoted "guiding the:» instructional program" ratiier than prescrib- 
ing, as it is in many other systems.^ / The model presented in Figiare 8 
specifies the objective-subjective continuum as a source of information. 
Even though the subjective, element is acknowledged, many of the factors 
can be quantified and decision rules can be formulated.: The prescriptive 
reports which result are used to help select appropriate instructional 
experiences and settings. A variety of instructional activities may be 
recommended and it is then up to the teacher to determine whicH is optimal, 
at a given time. ' - •* . 

Some individualized instructional programs in the past have had 
linearly sequenced dbjectjlvea with only a ^single instructional activity 
available to teach each objective. In such programs, the successful com-^ 
pletion of a given objective leads naturally to the prescription of the 
next objective. As is evident from the earlier sections of this paper, 
this linear sequencing is indicative of only a small nmaber of programs. 
In mcuiy programs the successful completion of a given objective leads to 
a variety of potential decision alternatives. Additionally, classical 
models of individualized education also 'stressed instructional settings > 
wherein students wOrJced autonomously on instructional activities^ Some^ 
programs now* emphasize the utilization of small, medium, and large group 
instruction, along with one-to-one and independent study. PrescriptiVi^v ?i 
recommendations mu$t npw be responsive to the need for information abbut^ 
.optimal groupings of students, taking into account student and teacher 
characteristics, as well as resource constraints. - 



* It is easy to anticipate that if several individxialized instructional 
programs are being implemented at once, the problems of testing, test 
scoring, diagnosing,^ and guiding or prescribing could easily consume as 
^ much titae as the related instructional activities. Systems of coniputer 
managed instruction can greatly reduce this time through providing better • 
information, more efJSiciently than can manual systems. 

An additional concern is the amount of timet spent' on diagnosing and 
regrouping. A question which arises is how often can the students in an 
instructional unit regroup before mcU>y of the advantages of individualized 
education are lost? This paper does not directly address the question, but 
rather suggests that the dxiration of a grouping may be extended if it is 
establish€{d on the basis of more than a single objective. At this point 
the idea of the compatibility of objectives, introduced early in this 
pap^r; becomes important. Student groups may be established on the basis 
of the^e conpatible objectives. It was suggested earlier that an index 
of objective compatibility be included in the objective data baisie. This 
index may be best expressed in matrix form specifying the conpatibility 
or non-compatibility o£ each objective with eveiy other objective. 

INSTRUCTING AND TESTING ' 

As Figure 8 indicate 3, selection of appropriate educational experiences 
and settings precedes the instructional process. ,The selected instiruc- 
tiorljs^l activities Should be implemented in a manner which reflects the 
individualized concern of 'the WIS-SIM model. Teachers need to be sensitive 
to the progress of students and be assured thai: the selected activities and 
settings are facilitative of students" mastery of the objective. Tif problems 
are identified it is clearly jiesirable that the instructional approach be^ 
modified, as possible, to 'klleviate these problems. Once instinictsijon on ' 
an instpructional objective is completed, the ptotal cyc^e is repeated. - 
Results of a posttest are compared with expected performance standards. 
Attainment of the objective leads to consideration of a new objective. 
. Failure to attain the objective may^ result in a repeat of the cycle for 

the same objective, or it may, as stated previously, result? in t^he selectidn 
of a more realistic objective.. In either -case, ttfe relevant data are s^tored, 
to be available as necessary for the generation of rejjorts within the system. 

DECISIONS CONCERNING MODIFICATIONS TO THE INSTRUCTIONAL PROGRAM 

The model of computer managed instruction presented here is focused 
upon the student and clusters of students in the processes of testing, 
test scoring, achievement profiling, diagnosing, and guiding the instruc- 
tional program. It is also possible to view these processes as a means of 
providing^ information regarding the instructional prbgraun being implemented 
to educational decision makers. The instructional activities and the program 
itself then become the focus of the examination. 

The most important steps in this WIS-SIM model are the processes of 
achievement profiling, diagnosing, and guiding the -instructional program. 



Achievement profiles may be produced which reflect the current statusf of 
performance relative to \init, building, or district goals which have been 
formulated for^an instructional activity or a set of instructional activ- 
ities. If these goals are not achieved, it is reasonable to question the 
appropriateness of the instructional activities. Diagnosis then becomes 
a process for identifying problems within the structure or content of the 
instiructional program. As was noted in the discussion of- the Instruc- 
tional Activities Data Base, information conciferning the utility of each 
ins true tion^lf^ activity for different type^of students may be summarized 
from the student performance records. 

.The process of guiding the instructional prograuti is still viewed as 

, leading to, the decision of "selecting appropriate instructional experiejices 
and settings." As a result of this decision, instructional activities for 
a particular instructional objective fay be added, modified, or deleted, 
or the sequencing of these objectives may be altered. The Program Data 
Base will need to be updated to take into accotuit such changes in the & 
instructional program. Other data bases, as they exist, may also need ^ 
to be revised to reflect these chsmges. In extreme cases the instruc- 
tional j>rogram may be replaced in its entirety. 

The wis-SIM model, then, unlike many of the CMI systems reviewed 
earlier, is a "total system" approach designed to have direct utility 
at the classroom, building, and district levels. In a real sense, it 
is a 'model for making decisions -about the instructional progr^ as well 
as a model of individualized instruction. The utilization of this model 
would have the, very direct result of assisting in the effective inplementa- 
tion of an individualized prograiu of learning for each student, through 
assisting in the identification of the instanictiorial needs and selection 
of appropriate instructional experiences and settings for each student. 
The model also has a less direct, positive impact on the student's learn- 

.. ing throuigh the continual monitoring and refining of the school's instruc- , 
tional progrkn. / 
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